The advent of advanced computer calculation made it possible to
include discontinuities (shocks) in the numerical algorithms. This, to-
gether with the development of new difference schemes, has made possi-
ble practical calculations. One can now obtain shock-free airfoil designs
and simulate wind tunnel testing. Large computer codes based on these
ideas are used by the aircraft companies on a regular basis.

Combustion Theory and Chemical Reactions

The theory of reactive flow, or combustion theory in gases, includes
all of fluid mechanics and adds an extra complication as well: the in-
teraction of fluid flow with chemical reactions. Chemical reactions in a
fluid flow change its essential characteristics. The release of heat due to
exothermic reactions may cause a flow to be unstable; and the types of
instability which arise may be of a different nature from ordinary fluid
dynamical instabilities.

The problem of slow flames (deflagrations) in a gas, as well as theo-
ries of detonations, i.e., fluid mechanical shocks, are two areas of current
research. In the theory of nuclear reactors, related issues point to models
of critical size and thermal runaway. Equally important are techniques
for incorporating the relevant chemistry into the mathematical analy-
sis. More generally, chemical reactor theory accounts for diffusion and
reaction, but typically includes no compressible fluid mechanical effects.
Chaotic behavior in dynamical systems has found its way into chemical
reaction theory. Chaotic regimes, in fact, have been experimentally and
computationally found in the Belousov-Zhabotinskii reaction and other
oscillatory reactions. Chaos occurs as a limit of successive bifurcations
of periodic motions as the chemical concentrations or flow rates vary.
The theory is strikingly similar to the mathematics of the bifurcation
model for the onset of turbulence above.

Integral Transforms

The Fourier transform is a special case of the general notion of an
integral transform, of profound importance in physics and engineering
as well as mathematics. The linear transform T relates a function f(x)
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